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A B S T R A C T

Sustainability-oriented research has increasingly adopted “new” modes of research promoted under labels such
as ‘post-normal science’, ‘mode 2 knowledge production’ or ‘transdisciplinarity’, aiming to address societally
relevant problems and to produce ‘socially robust’ knowledge by involving relevant scientific disciplines and
non-academic actors into the research.

We present the results of a comparative quantitative analysis of 81 completed sustainability-oriented research
projects, coupled with an in-depth study of six projects, to empirically investigate the assumed connections
between research modes and societal and academic project outcomes.

Statistical analysis suggests that contributions from practitioners in early phases of research projects posi-
tively influence certain societal and practice-relevant outcomes. By contrast, including non-academic actors and
practitioner knowledge into research negatively impacts academic outputs and citations, indicating a trade-off
between academic and societal impacts. Yet projects which apply structured methods of knowledge integration
score generally higher on academic outputs and citations. Moreover, the funding context affects both research
mode and research outcomes. Finally, practitioner involvement negatively affects completing of PhD projects.

Findings from the in-depth study reinforce a trade-off between the societal and academic impact of inter-
disciplinary and transdisciplinary sustainability-oriented research. We find that projects which had a double
research objective on academic and societal outcomes but which did not specify how to realize both, neglected
either the academic or the societal impact during the research process. Moreover, we find that a well-designed
combination of disciplinary as well as inter- and transdisciplinary project phases helped projects to meet both
demands.

1. Introduction

Sustainability-oriented research has increasingly adopted new
modes of research, promoted under labels such as ‘post-normal science’
(Funtowicz and Ravetz, 1993), ‘new modes of knowledge production’
(e.g.Nowotny et al., 2004) and ‘transdisciplinarity’ (e.g.Bergmann et al.,
2005; Hirsch Hadorn et al., 2008). The rationale of these modes of
research is to effectively deal with societally relevant problems and to
produce ‘socially robust’ knowledge. Key elements include collabora-
tion across scientific disciplines, a focus on real-world problems and the
involvement of actors from government, administration, business and/
or civil society in the research process (Jahn et al., 2012; Lang et al.,
2012).

Once seen as radical innovation, these “new” modes of knowledge
production have meanwhile established themselves in the canon of

“normal” (Kuhn) research (Bogner et al., 2010). Public research funding
programs have invested heavily into transdisciplinary (TD) research,
such as the programme “Social-Ecological Research”, funded by the
German Ministry of Education and Research (BMBF) since 1999, with a
funding volume of more than 130 Million Euro until 2015 (BMBF
2015). Such public expenditures, and the experience gained with TD
research through these funded projects, provide both the opportunity
and the need for systematic comparative analysis of TD-related re-
search. This regards the difference between TD and ‘non-TD’ research,
and different forms and degrees of TD research, including their aca-
demic as well as societal outcomes.

Some studies are available that analyze individual as well as mul-
tiple TD projects or funding lines (e.g.Wiek et al., 2014; De Jong et al.,
2016; Hansson and Polk, 2018), and few studies provide evidence of
linkages between research mode and its outcomes (Walter and Scholz,
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2007; De Jong et al. 2016; Hansson and Polk, 2018). Notably, De Jong
et al. (2016) find positive effects of researcher-practitioner interaction
on societal impacts, studying 52 TD projects from the Netherlands. To
the best of our knowledge, no comparative study on the actually em-
ployed research modes and the academic as well as societal outcomes of
a larger number of research projects is available to date, let alone a
comparison of TD against non-TD projects (Zscheischler and Rogga,
2015). Research evaluation, while certainly an active field, has been
mainly focusing on individuals as well as academic organizations and
units. Some research funding programs have been evaluated. For ex-
ample, Ruppert-Winkel et al. (2015), in studying the BMBF-initiated
funding line “Social-Ecological research”, point to trade-offs in
achieving both societal and academic impact through TD research,
which poses particular problems for young researchers.

In this study, we combined comparative analysis of 81completed
sustainability-oriented research projects (large-N study) with six in-
depth case studies (in-depth study) to empirically investigate the as-
sumed connections between research modes and societal and academic
project outcomes. The sample comprises projects with a substantial
social science share funded by the two major German research funding
institutions. These are the German Research Foundation (DFG) and the
German Federal Ministry of Education and Research (BMBF). Studied
projects cover a wide spectrum of research modes, ranging from basic
research that is barely interdisciplinary to highly inter- and transdis-
ciplinary projects including a variety of extra-academic actors in dif-
ferent project phases.

In the subsequent Section 2, we summarize the important concepts
and theoretical claims on structure and functions of “new” modes of
research, organized into four clusters of testable hypotheses. Section 3
reports on our research design including case selection, collected data,
operationalization of variables, and the analytical methods applied. In
Section 4, we present the results of testing the hypotheses, integrating
quantitative findings (regression analysis) from the large-N study and
qualitative process tracing results from the in-depth study. We close in
Section 5 with an overall discussion and an outlook for further research.

2. Concepts and theory

A general assumption often mentioned in the literature is that re-
search modes which actively engage non-academic actors1 in the re-
search process are more likely to produce societally relevant results and
will thus generate more substantial societal impacts. One reasoning
behind these assumptions is that research which takes into account
‘demands’ by potential users or other practitioners can specifically
target its activities towards meeting such demands. Arguably, this is
easier achieved in direct collaboration with those actors than by just
consulting them (De Jong et al., 2016). Therefore, the more intensive
the communication and collaboration, the more likely relevant results
will be produced. Moreover, projects which involve practitioners early
on rather than in later stages are expected to stand better chances of
integrating practitioners’ ideas and demands, in particular if non-aca-
demic actors already collaborate in formulating research questions
(Enengel et al., 2012). Furthermore, it is argued that non-academic
actors can also contribute non-scientific knowledge such as experiential
or indigenous knowledge that is relevant for addressing the societal
problem under investigation (Polk, 2014). Finally, non-academic actors
participating in a research project may, through their professional
networks, disseminate relevant research results more effectively than
researchers by themselves (Phillipson et al., 2012). This leads to the
formulation of

Hypothesis 1. An early and intensive involvement of relevant non-

academic actors fosters the production of societally and practice-
relevant knowledge and its application.

Successful knowledge co-production in research projects among
academics of multiple disciplines and non-academic actors cannot be
taken for granted. This even applies to working in purely scientific
teams, as studies in the field of Science of Team Science have shown
(for a comprehensive overview see Hall et al., 2018). It has therefore
been suggested that specific structured methods of knowledge in-
tegration or comprehensive methodological frameworks such as parti-
cipatory and collaborative modelling (Basco-Carrera et al., 2017), sce-
nario planning and visioning (Sheppard et al., 2011), or the
TRANSFORM as well as the Transition Management Framework (see
Wiek and Lang, 2016) can help to effectively integrate different strands
of knowledge (see Scholz and Tietje, 2002; Lang et al., 2012; Bergmann
et al., 2012), which again is expected to foster the creation of socially
relevant knowledge (Fazey et al., 2014).

Hypothesis 2. Using structured methods of knowledge integration
between academic and non-academic actors fosters the production of
societally and practice-relevant knowledge and its application.

Turning to the academic outcomes of a research project, assump-
tions are less clear. While arguably, an opening up of academic research
to other societal spheres enhances research relevance for those spheres,
it is a contested issue whether and how such opening-up impacts on
academic knowledge production. On the optimistic side, there is the
assumption that involving practitioners enriches research with per-
spectives and insights on real-world problems, which can fundamen-
tally challenge academic thinking and potentially produce innovative
research approaches and outcomes (Vera, 2018).

Hypothesis 3a. An early and intensive involvement of relevant non-
academic actors yields more innovative academic research outcomes.

On the downside, trade-offs between a more transdisciplinary re-
search approach and academic productivity have repeatedly been
mentioned. One reasoning is that practitioner interaction requires
substantial time and resources which are then not available for research
activities (Ruppert-Winkel et al., 2015). Moreover, it has been argued
that transdisciplinary research – given its epistemological difference
from ‘basic’ or merely ‘applied’ research – is more difficult to publish
(Bergmann et al., 2005; Weingart, 2008; Kueffer et al., 2007).

Hypothesis 3b. An early and intensive involvement of non-academic
actors decreases academic productivity and publishability.

Turning to the context of research projects, notably the funding
context is of interest. It has been suggested that projects that emerged in
response to specific thematic calls in mission-oriented research (e.g.
standard European Union Horizon 2020 projects) tend to formulate
unattainable goals in their proposals in order to outrival competing
proposals. Consequently, the formulated goals are less likely to be
achieved than those in non-thematically bound (bottom-up) funding
contexts.

Hypothesis 4. Projects funded in a mission-oriented context are likely
to be less effective in achieving their stated goals than those in a
bottom-up funding context.

Finally, research projects often engage doctoral researchers who
aim to complete a PhD within the project duration, or shortly there-
after. Projects which heavily involve non-academic actors may tend to
overburden doctoral researchers as these are often in charge not only of
conducting academic research but also of managing transdisciplinary
and collaborative processes (Ruppert-Winkel et al., 2015; Haider et al.,
2018).

Hypothesis 5. In highly transdisciplinary projects, doctoral theses are
less likely to be completed.1 As the choice of participating actors has been found to matter (De Jong

et al., 2016), we refer to ‘relevant’ non-academic actors.

J. Newig, et al. Environmental Science and Policy 101 (2019) 147–155

148



3. Research design and methods

In order to empirically investigate the assumed connections be-
tween ‘new’ research modes and societal as well as academic project
outcomes, we combined a comparative analysis of 81 completed sus-
tainability-oriented research projects (large-N study) with six in-depth
case studies (in-depth study).

3.1. Unit of analysis and case selection

Our unit of analysis is the research project. Under ‘research project’
we understand a temporally, financially and staff-wise limited unit of
activities in relation to one or more related research goals. Hence, the
unit of analysis is relatively clear-cut, allowing for insightful com-
parative empirical research.

Our universe of cases consists of all 141 completed sustainability-
related research projects funded either by the German Research
Foundation (DFG) or by the German Federal Ministry of Education and
Research (BMBF), conducted between 20002 and 2012, which had a
substantial social science share and which combined at least two dis-
ciplines. The two institutions were chosen because they constitute the
most important public research funding bodies in Germany and because
they differ substantially in their funding structures, which arguably
impact on the research modes chosen by the funded projects: The DFG
pursues a ‘bottom-up’ approach in which research proposals are eval-
uated only on their academic excellence, typically neither bound by
topic nor by funding deadlines. By contrast, the BMBF regularly issues
thematic calls – similar to those in European Union funding structures –
with specific deadlines. The BMBF framework program ‘FONA’ (Re-
search for Sustainable Development’ comprises several funding lines,
one of which is the pioneering funding line ‘Social-Ecological Research’.
This and other funding lines within ‘FONA’ explicitly encourage and
often require research projects to pursue a transdisciplinary research
mode, which should be based on societally relevant research goals and
which should involve practitioners into the research (BMBF 2016).
DFG-funded research, on the other hand, is not subject to any re-
quirements as to the employed research mode. While the DFG mostly
funds relatively small-scale individual projects with a typical volume of
around 200 K€, funding one or two doctoral researchers, typical BMBF
projects range from 500 to 1000 K€, often involving multiple doctoral
and post-doctoral researchers. By analyzing both BMBF and DFG-
funded projects, we assure a substantial variety of research modes –
from basic research to applied as well as more or less transdisciplinary
research projects –, which allows to study the effect of transdisciplinary
as opposed to less transdisciplinary research modes.

To determine whether projects were sustainability-related we in-
cluded projects which mentioned ‘sustainable’ or ‘sustainability’ in the
project title or descriptions, excluding projects that used these terms
only in the sense of ‘long-term’. From this universe, 81 complete da-
tasets were produced in the large-N study, consisting of project docu-
ments and questionnaires completed by the respective head of project.

From this dataset, six cases were selected for the in-depth study,
aiming to cover a diversity of projects with respect to project type,
academic or non-academic project initiation, disciplinary focus, degree
of transdisciplinarity, and funding context.

3.2. Data collection and material

In the large-N study, core concepts of the hypotheses were oper-
ationalized into a comprehensive set of variables. Sources for a

systematic document analysis were the respective project proposal as
well as the project report and lists of further project outcomes (e.g.
publications, events, prizes) that emerged after the publication of the
final project report. Additional information was gathered through a
questionnaire filled in by project heads, who were also given the op-
portunity to check and validate project output lists assembled by us. All
141 identified projects were approached with a request to take part in
our study, of which 81 projects supplied the relevant information
(Table 1).

Of the six in-depth cases, three were funded by the DFG, another
three by the BMBF (Table 2). One project was headed by practitioners,
all others had academic project heads. As empirical material, project
proposals, interim and final reports, as well as academic, non-academic
publications and media responses were used for a structured content
analysis. In total, 35 semi-structured interviews were conducted with
project heads, research staff and practitioners involved as project
partners, informants or data providers.

3.3. Methods of analysis

For the large-N study, quantitative data was either taken directly
from standardized questionnaires or produced by coding project
documents and qualitative questionnaire data. Multiple regression
analysis was performed to test the relations between research mode and
outcome variables. In the in-depth study, recorded interview transcripts
and significant project-related documents underwent a structured
content analysis. Causal process tracing (Blatter and Haverland, 2012;
Mahoney, 2012), involving counterfactual analysis, was employed to
test the above hypotheses, providing case-based insights into how the
research mode connects to academic and societal outcomes (Table 2.

4. Findings

Below, we describe and discuss our empirical findings of the large-N
and the in-depth study for each of the above formulated hypotheses.

4.1. Hypothesis 1: Non-academic actor involvement and societal project
outcomes

In the large-N study, we operationalized the research mode “early
and intensive involvement” through four independent variables:
Early_involvement measures whether non-academic actors contributed to
the identification of the research problem and to the formulation of a
project’s research question. Practitioner_values measures whether non-
academic actors contributed by formulating needs and goals, normative
values or conditions for change in their field of practice.
Practitioner_knowledge measures whether non-academic actors con-
tributed with knowledge about the area of activity. Practitioner_decision,
finally, measures whether non-academic actors were involved in re-
levant project decisions.

In our sample, projects’ societal impacts – the “production of so-
cietally and practice-relevant knowledge and its application” – included
the production of practitioner guides, press coverage of projects,
changes in policy by governmental actors, use of jointly developed
products by private companies, or awareness raising on the part of
certain publics, to name but a few. For quantitative analysis, societal
impact was operationalized through four dependent variables, which
relied on self-reporting by project heads (for a similar approach see De
Jong et al., 2016): Impact_depth is a weighted index measuring whether
research results were merely recognized by practitioners (weight 1),
and/or discussed (weight 2), tested (weight 3), applied (weight 4) or
continually implemented by practitioners (weight 5). Impact_scale is a
weighted index measuring whether a project had impact on the project
actors (weight 1), and/or on the wider local (weight 2), regional
(weight 3), national (weight 4) or international (weight 5) scale. Im-
pact_sectors sums up the number of sectors (media, education, civil

2 Three of our analyzed DFG-funded projects were part of one of two
Collaborative Research Centers, which already started in 1997 and 1999, re-
spectively. The total durations of these Collaborative Research Centers largely
cover our main investigation period 2000 and 2012.
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society, business, government) in which a project had impact. Im-
pact_media measures how often a project was mentioned by newspapers
or magazines, radio or television (weighted by circulation), or by
practitioner outlets. Impact_total, finally, is the arithmetic mean of all
four impact variables.

In order to determine the link between the nature of non-academic
actor involvement and the societal impact, we ran linear regression
models (ordinary least squares – OLS) as depicted in Table 3. To capture
non-academic actor involvement, we used the four above-mentioned
variables Early_involvement, Practitioner_decision, Practitioner_values, and
Practitioner_knowledge. As control factors we included the degree to
which a project aimed at producing applied as opposed to strictly
academic knowledge (Goal_applied), the extent of project dissemination
activities (Dissemination) and the total third-party funded project
budget (Funding_sum).

Table 3 shows the results of our regression analysis. It comprises a
total of twelve different regression models, with models (1a) to (1 h)
aiming to explain Impact_depth as dependent variable, and models (2) to
(5) referring to the remaining impact dimensions as dependent vari-
ables. As mentioned above, four variables capturing the nature of non-
academic actor involvement and three controls were included as in-
dependent variables to explain the impact variables.

For Impact_depth, we first tested the explanatory role of the in-
volvement variables individually, which yielded relatively high and
significant effects (models 1a to 1d). However, adding more in-
edependent variables beyond the first two (1e) did not improve overall
model fit (adjusted R2; see models 1f and 1 g), which is likely due to the
correlation among these factors. Therefore, we restricted further ana-
lyses (models 1 h to 5) to those two independent variables showing the
strongest effects (Early involvement and Practitioner_decision). Including
the control variables (1 h), only Early_involvement has a significant ef-
fect.

While all four impact variables are significantly correlated among
each other (coefficients between 0.50 and .61), next to Impact_depth,
only Impact_media was found to be significantly explained by research-
mode variables (models 2, 3, 4, 5 in Table 3). Of all control variables,
only Dissemination shows significant positive effects.

While overall model fit is not overly high in absolute terms (r2 of
0.30, adjusted r2 of 0.25 for the ‘best’ model 1 h), model 1 g still implies
that 17% of the variance of Impact_depth can be explained by research
mode only. Research mode thus does have non-negligible effect on
impact.

Taken together, from our regression analysis of 81 cases, we cannot
confirm that non-academic actor involvement generally improves

Table 1
Structured overview of the 81 research projects studied.

Federal Ministry of Education and Research (BMBF) German Research Foundation (DFG) Total

Number of projects 58 23 81
Funding volume (mean/std. dev.) 888 K€/713 K€ 280 K€/292 K€ 716 K€ / 679 K€
Project duration (mean/std. dev.) 44 months / 16 months 60 months / 38 months 48 months / 25 months
Project start date (median) 01 May 2006 01 June 2003 01 January 2006
Projects involving practitioners 50 (86%) 9 (39%) 59 (73%)

Table 2
Structured overview of the six in-depth cases.

Disciplinary Hinge
Project

Applied Project Interdisciplinary Project Transdisciplinary Project Intervening Project Practitioner Project

Funding context DFG DFG BMBF BMBF DFG BMBF
Funding volume categorya 501–750 K€ <250 K€ 2001–7500 K€ 501–750 K€ 251–500 K€ <250 K€
Project type Subproject in joint

project
Single project Single project Single Project Subproject in joint

project
Single project

Approx. duration 12 years 2 years 6 years 3 years 3 years 2.5 years
Initiation & lead Academic Academic Academic Academic Academic Non-academic
Research mode Interdiscipl. Interdiscipl Transdiscipl. Transdiscipl. Transdiscipl. Applied
Aiming for academic

qualification
xx – xxx – x –

a To ensure anonymity of the projects we provide here ranges of funding sums instead of the exact numbers.

Table 3
Effects of practitioner involvement variables on societal impact variables (OLS regression).

Dependent variable: Impact_depth Impact_ sectors Impact_ scale Impact_ media Impact total

Model no. (1a) (1b) (1c) (1d) (1e) (1f) (1g) (1h) (2) (3) (4) (5)
Early_involvement .38*** .26* .21 .21 .28* .20 .05 .36** .28*
Practitioner_decision .38*** .26* .20 .21 .16 −.05 .04 −.11 .03
Practitioner_values .36** .15 .16
Practitioner_knowledge .24* −.03
Goal_applied .18 .07 .22 −.09 .11
Dissemination .25* .27* .15 .33** .34**
Funding_sum −.09 −.14 −.21 −.09 −.18
Intercept 1.43*** 1.38*** 1.19** 1.44** 1.14** 0.95* 0.98* 0.44 .66** 1.56* 3.69 −.36*
Observations 81 81 81 81 81 81 81 81 81 81 81 81
R2 .15 .14 .13 .06 .20 .21 .21 .30 .11 .12 .15 .23
Adjusted R2 .13 .13 .12 .05 .18 .18 .17 .25 .05 .07 .10 .18
F-value 13.4*** 13.2*** 11.8** 4.9* 9.5*** 6.8*** 5.0** 6.3*** 1.85 2.12 2.72* 4.60**
AIC 364.1 364.3 365.6 371.9 361.2 361.78 363.7 356.5

Note: Depicted are standardized regression coefficients (beta values). Statistical significance is depicted as * p < .05; **p < .01; *** p < .001.
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societal outcomes. Rather, practitioner involvement in early project
phases – identification of research problems and formulation research
questions – has shown to have a significant effect, but only on the depth
of impact and on media impact, as well as on the total impact measure.
Of the control variables, only the extent of dissemination strategies
shows a positive influence on societal impacts, whereas the degree to
which a project aimed at producing applied knowledge had no dis-
cernible effect, and the funding sum even showed a slightly negative
effect on societal impacts.

In the in-depth study, two contrasting cases provided insights into
causal relations between the involvement of non-academic actors in
research processes and the societal project impacts.

The Transdisciplinary Project purposefully involved practitioners
from politics, administration and industry. This served two major goals:
First, to facilitate socially robust solutions to cope with anthropogenic
hazards and, second, to empower practitioners to put the solutions to
use. Over the course of the project, the co-produced societal output
resulted in a practical guide. This guide, disseminated by researchers
and practitioners, was used by several practitioners from different so-
cietal sectors: One practitioner from industry, formerly involved in the
project, helped to initiate a non-academic project on a similar topic by
adopting the integrated approach, one of the key results of the
Transdisciplinary Project. Also an environmental state agency, not for-
merly involved in the project, published a flyer on anthropogenic ha-
zards and how to cope with them based on the integrated solutions
developed in the project.

However, as the project’s topic, goals and methods, as well as team
constellation were all decided by the researchers, we can hardly speak
of an early practitioner involvement. Instead, we can speak of an in-
tense and well targeted involvement as the practitioners’ values and
knowledge were pointedly incorporated along the research process.
Several of the involved practitioners reported their grown motivation to
actually apply the project’s results after completion. Interviewees
mentioned different intermediate effects during the development of the
practical guide that ultimately increased the practitioners’ agency, e.g.
grown sensitivity for the societal relevance of the project’s topic, re-
cognition and trust in the academic competence of the researchers,
experiential knowledge how to design and implement a topic-related
project, and lack of result implementation planned by the researchers.

The Applied Project, which aimed for developing coping strategies to
deal with natural hazards, involved practitioners as informants and
interviewees only. Based upon their provided information, the inter-
disciplinary research team developed a practical guide. However, sev-
eral practitioners reported that they barely recognized or used this
guide. They explained this with having no need for the case-specific
examples in the guide as they had already developed their own solu-
tions. Presumably, if the practitioners had been involved more intensely
in the development of the guide they might have become more aware of
the general recommendations for action which were also part of the
guide. At the same time, the researchers would have had the opportu-
nity to adapt their societal project goals more to the actual needs of the
non-academic actors. Nevertheless, important societal effects were
reached via pointed dissemination by one of the project heads, among
others to inform a law development process on federal state level.

Summarizing, the analysis of the Transdisciplinary Project suggests a
causal relation between the intense involvement of non-academic ac-
tors and impact depth, as well as impact scale. Similar insights were
found for the Intervening Project and the Practitioner Project. The Applied
Project, on the other hand, demonstrates that societal impact is hardly
achieved if practitioners are only involved as research objects in the
development of practically-relevant project outputs. This is also re-
flected in the Disciplinary Hinge Project. However, the Applied Project
also indicates that if disseminated well, a project’s results can lead to
societal impact even if it is not transdisciplinary.

4.2. Hypothesis 2: Knowledge integration methods and societal project
outcomes

In the large-N study, the variable Knowledge_integration measured
whether or not a project drew on structured methods to integrate non-
academic and academic knowledge. Such methods included, for ex-
ample, scenario building, SWOT analysis, development and application
of models, multicriteria assessment, Delphi method, stakeholder
workshops or moderated meetings, to name but a few. Analyzing only
those 59 cases with at least some degree of practitioner involvement,
we could not find significant relationships between this variable and
societal project outcomes.

In the in-depth study, four projects deployed moderated workshops
to include the practitioners in the research process: Interdisciplinary,
Transdisciplinary, Intervening and Practitioner Project. Within the work-
shops, each project relied on different methods of knowledge integra-
tion, such as small group discussions, using boundary objects or group
assessment tools. These methods provided the stage and the tools for
transdisciplinary collaboration which in turn essentially bolstered the
practically relevant outputs – but not necessarily the societal impact –
of all four projects.

Only in two projects, Intervening and Practitioner Project, methods of
knowledge integration were used to practically test societal results. In
the projects both knowledge integration methods and the timing of
their application within the overall research process were purposefully
chosen to effectively incorporate different practical knowledges of the
involved groups of practitioners. In the Practitioner Project, for instance,
local governance actors were regularly involved via moderated work-
shops in order to finetune the project results and give way for the next
research steps. By contrast, civil society was involved once via an in-
formation event and subsequent consulting to test a communication
strategy for sustainable urban living. The trust that the practitioners, in
turn, developed in the applicability of the results ultimately motivated
them to further apply the results after project completion.

Summarizing, the in-depth study found weak evidence in support of
a causal link between the selection, timing and way of applying
methods of knowledge integration on the one hand and reaching impact
depth on the other.

4.3. Hypotheses 3a and 3b: Non-academic actor involvement and academic
research outcomes

To test the effect of non-academic actor involvement on academic
research outcomes, we measured two dependent variables: Publications
refers to a project’s total volume of publications in academic journals
and books as researched by our project team and validated by project
leads. As our control variable Funding_sum is correlated extremely high
(.73***) with the absolute number of project publications, we chose to
define Publications as the number of publications per funding volume in
million Euros. The variable Citations refers to the total citations of
project publications in Google Scholar in the five years following
publication (including the year of publication). Due to its distribution,
we measured the decadic logarithm of a project’s citations, and as with
the previous variable, this value was then divided by the project’s
funding volume in million Euros. In the large-N study we did not in-
vestigate the effects on the innovative character of the project outputs
and outcomes (Hypothesis 3a).

In our regression models (Table 4), we included the same involve-
ment variables as in the above models for hypothesis 1, adding
Knowledge_integration. The results of models 1–5 show that most vari-
ables individually are associated with Publications, showing significant
negative effects for Early_involvement, Practitioner_values, Practitio-
ner_knowledge and Practitioner_decision. In the more comprehensive
model 6b, which includes the two controls Goal_applied and the variable
Practitioner_involvement (measuring whether or not practitioners were
involved in the project at all), we still find significant negative effects of
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Practitioner_knowledge and Practitioner_decision, as well as a significant
positive effect of Knowledge_integration. With an R2 of 0.35 (adjusted R2

of 0.31), the model shows a reasonable overall fit.
Turning to Citations (Table 5), we find essentially the same pattern

but with lower effect sizes and statistical significance for all in-
dependent variables.

To conclude, we find relatively clear support for hypothesis 3b –
namely that an early and intensive involvement of non-academic actors
decreases academic productivity and recognition. Contrary to ex-
pectation, also knowledge contributions by practitioners show negative
effects on academic outcomes. By contrast, the use of structured
methods to integrate non-academic and academic knowledge is a highly
significant positive predictor for academic outcomes.

In order to investigate hypotheses 3a and 3b in the in-depth study,
we took academic publications but also the development of new the-
ories, methods and data bases into account, as well as attendances in
academic conferences. For academic outcome, we considered citations
but also follow-up projects, as well as networking and exchange with
other researchers outside the project.

From the four projects which involved practitioners as research
partners, only the Interdisciplinary and the Transdisciplinary Project
aimed for strong academic output in the sense of publications, while
also pursuing applied goals. Both projects started publishing in an early
phase and continued to do so throughout the research process. This
became possible due to effectively distributed tasks among the involved
researchers and a targeted combination of disciplinary, inter-
disciplinary and transdisciplinary research phases along the research
process. In both projects, small disciplinary or interdisciplinary groups

took over specific research tasks according to their prior research ex-
pertise and individual research interests. This allowed the researchers
to make essential research contributions to the specific project. In the
Interdisciplinary Project, researchers were jointly preparing and im-
plementing a limited number of transdisciplinary workshops with
practitioners, thus subdividing the respective workload among each
other. In the Transdisciplinary Project small groups of researchers took
turns preparing the workshops with practitioners while – in the
meantime – the others could continue to work on the disciplinary and
interdisciplinary research results. With these strategies, both projects
reached strong academic outputs in the form of theoretical concepts,
methodical innovations (in support of hypothesis 3a), data sets, as well
as considerable numbers of academic publications (Interdisciplinary
Project: 119; Transdisciplinary Project: 28), thus prociding counter-evi-
dence for hypothesis 3b.

Despite the strong academic output, one researcher from the
Transdisciplinary Project mentioned the enormous amount of time
needed to prepare and implement the transdisciplinary workshops, in-
cluding the choice of the methods of knowledge integration to be used.
At the same time, the researcher stressed the limited output that the
workshops provided for the next research steps in the project. In fact,
those researchers who were less involved in the collaboration with the
practitioners published – apart from the project lead – the most.
Additionally, the same researcher reported initial difficulties to find a
journal to publish the transdisciplinary research results.

Yet, transdisciplinary collaboration also essentially contributed to
certain academic results in both projects. For instance, in the
Transdisciplinary Project a method for actor network analysis could be

Table 4
Effect of practitioner involvement variables on academic publication output (OLS regression).

Dependent Variable: Publications per Million Euro funding sum

Model no. (1) (2) (3) (4) (5) (6a) (6b)
Early_involvement −.25*
Practitioner_decision −.39*** −.30** −.31**
Practitioner_values −.29**
Practitioner_knowledge −.38*** −.25* −.33*
Knowledge_Integration .16 .33** .30**
Goal_applied −.22* −.24*
Practitioners_involved .14
Intercept 23.84*** 26.23*** 26.07** 28.74*** 18.55*** 33.06*** 31.97***
Observations 81 81 81 81 81 81 81
R2 .06 .15 .08 .14 .03 .34 .35
Adjusted R2 .05 .14 .07 .13 .01 .31 .31
F-value 5.11* 13.84*** 7.10** 13.29*** 2.15 9.91*** 8.09***
AIC 695.46 687.46 693.57 687.94 698.37 672.54 673.59

Note: Depicted are standardized regression coefficients (beta values). Statistical significance is depicted as * p < .05; **p < .01; *** p < .001.

Table 5
Effect of practitioner involvement variables on citations of academic publications (OLS regression).

Dependent Variable: Decadic logarithm of a project’s citations per Million Euro funding sum

Model no. (1) (2) (3) (4) (5) (6a) (6b)

Early_involvement −.28*
Practitioner_decision −.35** −.16 −.15
Practitioner_values −.45***
Practitioner_knowledge −.47*** −.30** −.22
Knowledge_Integration −.13 .02 .05
Goal_applied −.26* −.24*
Practitioners_involved −.12
Intercept 4.36*** 4.72*** 5.62*** 5.99*** 3.72*** 7.57*** 7.80***
Observations 81 81 81 81 81 81 81
R2 .08 .12 .20 .22 .02 .31 .31
Adjusted R2 .07 .11 .19 .21 .00 .27 .27
F-value 6.78* 11.27** 19.86*** 22.20*** 1.37 8.52*** 6.89***
AIC 473.41 469.27 461.92 460.02 478.69 456.08 457.47

Note: Depicted are standardized regression coefficients (beta values). Statistical significance is depicted as * p < .05; **p < .01; *** p < .001.
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further developed, also because parts of it were tested by the involved
researchers.

Ultimately, in the first five years after their completion, both pro-
jects had reached high citation rates. In the Interdisciplinary Project, no
evidence was found for a causal link between the transdisciplinary re-
search mode of the project and its academic impacts (hypothesis 3b).
Yet there is evidence to suggest that the involvement of practitioners in
the Transdisciplinary Project indeed produced several academic effects.
For instance, a follow-up project partially involved the same actors and
continued the transdisciplinary research on the topic. Also one of the
practitioners joined a collaboration to integrate the project’s findings
into academic teaching. Another practitioner with close ties to aca-
demia provided funding to conduct a second round of the survey de-
veloped in the project.

To sum up, the in-depth study demonstrates that strong academic
outputs and outcomes occur partly despite and partly precisely because
of involving practitioners. Additional factors proved to be conducive to
allow strong academic outcomes in transdisciplinary research projects,
i.e. a constant focus on producing academic results, an effective division
of tasks among the involved researchers, a purposeful combination of
disciplinary, inter- and transdisciplinary research phases, as well as
researchers with a strong individual research agenda.

4.4. Hypothesis 4: Funding context and goal achievement

The large-N study covers 58 projects funded in a mission-oriented
context by the BMBF, and 23 projects funded in a “bottom-up” context
by the DFG. In order to compare achievements across different funding
contexts, the variable Goal_achievement measures self-reported overall
project goal achievement. Moreover, we consider outcome variables as
introduced above. Within the broad funding contexts of DFG and BMBF,
respectively, we distinguish different DFG funding formats (individual
grants versus sub-projects in large collaborative research centers) and
different BMBF funding lines as displayed in Table 6.

We find, first of all, no significant3 differences in goal achievement
values between BMBF cases and DFG cases and no significant differ-
ences among the individual funding lines4, and hence no support for
hypothesis 4.

However, Table 6 shows substantial differences when it comes to

societal and academic outcomes: Projects from a mission-oriented
funding context (BMBF) score considerably higher on the depth of re-
ported societal impact than bottom-up funded projects (DFG), with
some notable differences within the two. Conversely, bottom-up funded
projects (DFG) on average score considerably higher on publications
and citations per unit of funding volume than mission-oriented projects
(BMBF). Here again, we find differences across the sub-categories, with
DFG individual grants showing higher publications and citations than
sub-projects in collaborative research centers, and, most notably,
among the different BMBF funding lines.

From these findings, we may conclude that while self-reported
achievements relative to stated goals are consistently high and show no
significant variation, we find a strong trade-off between societal and
academic outcomes across the different funding formats and lines.
Overall, the funding context appears to play a decisive role for
achieving societal and academic outcomes, respectively.

For the in-depth study, the academic and societal goals stated in the
project-related documents and by the various interview partners were
compared to the funding criteria of the DFG and the BMBF funding
lines. In addition, the goals were compared to the academic and societal
outcomes reported to us.

As the BMBF made it compulsory for the Interdisciplinary, the
Transdisciplinary and the Practitioner Project to pursue both academic
and societal outcomes, these funding criteria in part determined the
research design in the initiation phase of these projects, including the
research topic, the research mode and the team composition. For in-
stance, the Practitioner Project, which was originally conceptualized as a
purely practical project, included academic expertise following BMBF’s
recommendation.

By contrast, the DFG’s funding criteria generally focus on strong
scientific rigor. However, in the case of the two subprojects in a col-
laborative research center, the DFG also shaped the projects’ goals and
stipulated their research modes. Concretely, in the first two funding
periods, the DFG required strong interdisciplinary collaboration among
the sub-projects of the overall collaborative research center, including
the Disciplinary Hinge Project. For the third funding period, which is
when the Intervening Project joined the collaborative research center, the
DFG asked for a strong application and evaluation focus. In both cases,
the projects adapted their research modes and team compositions ac-
cordingly.

In summary, it can be said that the different funding contexts di-
rectly affected the goal setting and project conceptualization of at least
five projects in the in-depth study. More indirectly, it also affected the
subsequent research process, results and impacts. However, other fac-
tors, independent from the funding context, played a more direct role
with regard to reaching the project goals (see Hypotheses 1 to 3b).

Table 6
Achievements of projects in different funding contexts.

Funding program Reported overall
goal attainment

Depth of reported societal impact No. of publications
p. Mio. € funding sum

No. of citations
p. Mio. € funding sum

N ø sd. med. ø sd. med. ø sd. med. ø sd. med.

DFG 23 5.4 1.1 6.0 1.3 2.8 0.0 30.3 21.2 28.9 282.8 316.3 176.0
Individual grant 13 5.3 1.3 6.0 1.0 1.5 0.0 32.7 20.2 34.5 321.4 357.2 253.6
Project in Coll. Research Centre 10 5.6 0.8 6.0 1.6 4.1 0.0 28.4 22.5 26.2 232.5 263.6 148.1
BMBF 58 5.8 0.9 6.0 2.5 1.3 2.0 16.5 15.0 13.6 238.2 805.7 36.7
Climate protection/adaptation 4 5.5 1.0 6.0 2.3 2.1 2.5 9.9 7.6 9.7 29.0 54.6 2.6
Conservation of biodiversity 1 7.0 . 7.0 0.0 . 0.0 22.5 . 22.5 774.3 . 774.3
Economics for sustainability 11 5.5 1.2 6.0 1.4 1.6 1.0 26.9 21.0 21.2 868.6 1742.5 336.9
Resource efficiency technol. 1 6.0 . 6.0 3.0 . 3.0 10.0 . 10.0 64.0 . 64.0
Social-ecological Research 21 6.0 0.7 6.0 2.2 2.3 1.0 20.8 13.6 19.8 151.9 163.2 72.4
Sustainable land management 18 5.9 1.0 6.0 3.5 2.0 4.0 7.2 7.4 3.6 4.8 7.8 0.0
Sust. water management 1 6.0 . 6.0 6.0 . 6.0 12.9 . 12.9 25.8 . 25.8

Note: ø = arithmetic mean; sd= standard deviation; med. = median.

3 The performed t-test shows with a significance level of p = 0.06 no dif-
ferences in the mean of Goal_achievement between projects in the mission-or-
iented funding context (BMBF) and bottom-up funded projects (DFG).

4 The performed Bonferroni-test finds no significant differences in the
Goal_achievement values between the nine sub groups of the individual funding
lines, as the test hypothesis of the Bonferroni-test - that there are differences
between the subgroups - can be rejected at a significance level of p = 0.61.
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4.5. Hypothesis 5: Non-academic actor involvement and completed PhD
projects

From our sample of 81 projects, 42 provided reliable information on
PhD dissertations5 . These 42 projects were used to quantitatively test
the effect of involvement variables on the share of completed PhD
theses per project. This we measure by dividing the number of PhD
theses completed two years or later after project end (depending on the
time of survey) by the number of theses planned at project start. While
24 projects succeeded in producing the planned number of completed
PhDs, 18 projects did not. Across all 42 projects, in total 80 out of 106
planned PhD dissertations were finished successfully at the time of the
survey.

Regression results (Table 7) show that all practitioner involvement
variables display a negative relationship with the share of completed
PhD projects, while only the relationship with practitioner_decision is
statistically significant. Nevertheless, we can see a trend supporting
hypothesis 5.

In the in-depth study, three of six projects aimed for and success-
fully completed doctoral dissertations or habilitations: The Disciplinary
Hinge, the Interdisciplinary and the Intervening Project, with the latter two
involving practitioners as research partners. We observed two strategies
to successfully pursue academic qualifications within the projects’
funding periods. First, one doctoral dissertation in each project ex-
plicitly targeted the collaboration with practitioners. Second, re-
searchers were focusing their dissertations or habilitations on specific
sub-questions with interdisciplinary orientation. Like for hypothesis 3,
we found evidence for the Interdisciplinary Project that clear division of
tasks among the research team, as well as purposeful combination of
disciplinary, inter- and transdisciplinary project phases enabled the
young researchers to conduct their research but also to fulfil other
duties within the project, e.g. helping to prepare and implement
transdisciplinary workshops. Moreover, several of the successful PhD
and habilitation candidates in the Interdisciplinary Project gained new
positions in academia.

5. Overall discussion and conclusion

In the past two decades, “new” modes of research, as advocated in
the literature around ‘post-normal science’, ‘mode 2′ knowledge pro-
duction or ‘transdisciplinarity’ have made their way from postulation to
practice. This study has operationalized the core claims found in the
literature into five sets of hypotheses, aiming to test whether and to

what extent diverse research modes as actually employed in sustain-
ability-related research projects make a difference for both societal and
academic outcomes.

Our combined quantitative and qualitative analysis of sustain-
ability-related research projects finds supportive evidence for four of
the six hypotheses on the link between (transdisciplinary) research
mode and academic and societal outcomes. In particular, the trade-off
between both kinds of outcomes, which has repeatedly been claimed in
the literature (see Ruppert-Winkel et al. 2016), is materializing from
our findings: While the involvement of practitioners in early project
phases positively affects societal impacts (which confirms earlier find-
ings by De Jong et al., 2016), practitioner involvement was found to
negatively affect both academic publication output and citations. This
pattern is replicated in the effect of the funding context: Whereas
projects funded in mission-oriented contexts score higher on impacts
and lower on publications and citations, the reverse is true for projects
funded in bottom-up contexts. As well, PhD theses were found to be
more likely completed in projects with less practitioner involvement.

Yet, while these findings are largely supported by the qualitative
case examination, the in-depth study also allowed for insights into
projects that produced both societally relevant knowledge with high
societal impact and a strong publication and citation record. Hence,
while the general patterns observed across the 81 cases point to a clear
trade-off, the in-depth study demonstrates how such trade-offs can be
avoided through careful project design and committed project man-
agement. These insights as well as the findings related to the role of the
funding context suggest that a more nuanced perspective is needed for
understaning the relation of “research mode” and societal as well as
academic outcomes. More importantly, these insights suggest that im-
pactful research may to a certain rely on certain design principles, such
as the pointed involvement of non-academic actors (see e.g.Stauffacher
et al., 2008). Further research will have to home in on such design
choices and test to what extent they prove effective.

Two findings warrant closer inspection. First, we do not find a
generally positive influence of practitioner involvement on societal
outcomes but rather highly selective links. On the one hand, societal
outcomes could be explained by early involvement of practitioners, but
not by other aspects of involvement such as decision-making and value
or knowledge contributions; on the other hand, the effect is only on the
depth of impact and on media response, but not on impacts measured
through diversity of sectors and geographical scales. However, con-
sidering the necessarily limited ambitions of projects, it may seem little
surprising that projects which aim, for example, at local solutions, in-
volving local practitioners, do not exhibit global impacts.

The second concerns our finding that involving practitioner
knowledge not only does not foster societal outcomes, it also negatively
affects academic publication outputs and citations. This stands in stark
contrast with the finding that structured methods to integrate academic
and non-academic knowledge emerges as a significant predictor of
publication output. Two explanations come to our mind: On the one
hand it appears plausible that the structured methods of knowledge
integration employed in the studied projects also served to integrate
different kinds of academic knowledge (regardless of their function to
also integrate non-academic knowledge), hence the positive effect on
academic outcomes. On the other hand, one could also speculate that
researchers who employ structured knowledge integration methods
tend to place much emphasis on the systematic production of knowl-
edge and through this are more interested in strong academic outcomes.

While arguably one of the most comprehensive comparative ana-
lyses of research modes and their outcomes, this study is limited in
various ways. It is restricted to sustainability-oriented projects in
Germany. Funding structures and actual employment of research modes
will differ in other national or international contexts. Many key vari-
ables rely on self-reported assessments. While this may introduce a bias
towards ‘success’, it should not distort the dataset. For reasons of con-
fidentiality, our research also does not allow to assess or compare

Table 7
Effect of practitioner involvement on completed PhD projects (OLS regression).

Dependent variable: Quota of completed PhD projects

Model no. (1) (2) (3) (4)

Early involvement −.15
Practitioner decision −.34*
Practitioner values −.07
Practitioner knowledge −.05
Funding sum .06* .12 .09 .07
Intercept .74*** .76*** .71*** .72***
Observations 42 42 42 42
R2 .03 .12 .01 .01
Adjusted R2 −.02 .07 −.04 −.04
F-value 0.57 2.59+ 0.17 0.13
AIC 38.27 34.23 39.11 39.19

Note: Depicted are standardized regression coefficients (beta values). Statistical
significance is depicted as + p < .10; * p < .05; **p < .01; *** p < .001.

5 22 interviewees skipped this relatively complex part of the questionnaire or
did not fully respond. From the remaining 59 projects, 17 did not involve PhD
researchers.
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individual projects. Our aim was to find general patterns and me-
chanisms at work across cases.

Three lines of inquiry appear relevant for further research. On a
conceptual level, we found it difficult to clearly distinguish between
applied research that involves practitioners and transdisciplinary re-
search. Similarly, the notion of “empowering” participants by involving
them into research, as found in much of the literature (e.g.Brandt et al.,
2013), appeared ill suited to contexts where practitioners collaborated
with researchers in an equal manner or where projects were even led by
practitioners.

On an empirical level, we would encourage fellow researchers to
continue on the path of comparative analysis, with particular emphasis
to the “trade-off hypothesis”: Under which conditions is research likely
to produce both strong societally and academically relevant outcomes?

Finally, our study was restricted to study research projects, typically
lasting a few years only. However, the building of trustful academic-
practitioner relationships and networks, which is so often advocated
with regards to transdisciplinary research, is likely to need more time.
Future research should look at more long-lasting academic-practitioner
interactions and at the outcomes this produces over time.

Acknowledgements

We would like to thank the members of our advisory group,
Antonietta di Giulio, Rico Defila, Michael Pregernig, Arnim Wiek and
Michael Stauffacher, for their constructive and valuable feedback in
early stages of this research; the German Research Foundation for
providing the funding for the research project “Modes of sustainability-
related research in comparison (MONA): Modes of research and their
impact on scientific and societal project outcomes” under grant num-
bers NE1207/4-1 to Jens Newig and LA3024/1-1 to Daniel J. Lang; staff
from the German Research Foundation and the German Federal
Ministry of Education and Research for their support in preparing the
data collection; project heads, researchers and practitioners involved in
the investigated sustainability-oriented research projects for providing
us with project documents, as well as for participating in a survey and
semi-structured interviews; our student assistants Marie Josefine Hintz,
Marie Weiß, Marion Blome, Sophia Schönig, Maria Brück, Silke Bölts,
Alina Langkau, Franziska Steinbrügge, Jakob Wondra and Inga
Melchior for their long-term and outstanding support with regard to
data collection and data editing in preparation for this article.

References

Basco-Carrera, L., Warren, A., van Beek, E., Jonoski, A., Giardino, A., 2017. Collaborative
modelling or participatory modelling? A framework for water resources manage-
ment. Environ. Model. Softw. 91, 95–110.

Bergmann, M., Jahn, T., Knobloch, T., Krohn, W., Pohl, C., Schramm, E., 2012. Methods
for Transdisciplinary Research: a Primer for Practice (Campus Verlag).

Bergmann, M., Brohmann, B., Hoffmann, E., Loibl, M.C., Rehaag, R., Schramm, E., Voß,
J.P., 2005. Quality criteria of transdiciplinary research. A Guide for the Formative
Evaluation of Research Projects. Institute for Social-Ecological Research,
Frankfurt a.M.

Blatter, J., Haverland, M., 2012. Designing Case Studies: Exploratory Approaches in
Small-N Research. Palgrave Macmillan, New York.

Bogner, A., Kastenhofer, K., Torgersen, H., 2010. In: In: Bora, A., Maasen, S., Reinhardt,
C., Wehling, P. (Eds.), Inter- Und Transdisziplinarität Im Wandel? Neue Perspektiven
Auf Problemorientierte Forschung Und Politikberatung 4 Wissenschafts- und
Technikforschung. Baden-Baden, Nomos.

Brandt, P., Ernst, A., Gralla, F., Luederitz, C., Lang, D.J., Newig, J., Reinert, F., Abson,

D.J., Von Wehrden, H., 2013. ’A review of transdisciplinary research in sustainability
science. Ecol. Econ. 92, 1–15.

De Jong, S.P.L., Wardenaar, T., Horlings, E., 2016. ’Exploring the promises of transdis-
ciplinary research: a quantitative study of two climate research programmes. Res.
Policy 45 (7), 1397–1409.

Enengel, B., Muhar, A., Penker, M., Freyer, B., Drlik, S., Ritter, F., 2012. ’Co-production of
knowledge in transdisciplinary doctoral theses on landscape development - an ana-
lysis of actor roles and knowledge types in different research phases. Landsc. Urban
Plan. 105 (1–2), 106–117.

Fazey, I., Bunse, L., Msika, J., Pinke, M., Preedy, K., Evely, A.C., Lambert, E., Hastings, E.,
Morris, S., Reed, M.S., 2014. ’Evaluating knowledge exchange in interdisciplinary
and multi-stakeholder research. Glob. Environ. Chang. Part A 25 (1), 204–220.

Funtowicz, S.O., Ravetz, J.R., 1993. ’SCience for the post-normal age. Futures 25 (7),
739–755.

Haider, L.J., Hentati-Sundberg, J., Giusti, M., Goodness, J., Hamann, M., Masterson, V.A.,
Meacham, M., Merrie, A., Ospina, D., Schill, C., Sinare, H., 2018. ’The undisciplinary
journey: early-career perspectives in sustainability science. Sustain. Sci. 13 (1),
191–204.

Hall, K.L., Vogel, A.L., Huang, G.C., Serrano, K.J., Rice, E.L., Tsakraklides, S.P., Fiore,
S.M., 2018. ’The science of team science: a review of the empirical evidence and
research gaps on collaboration in science. Am. Psychol. 73 (4), 532–548.

Hansson, S., Polk, M., 2018. ’Assessing the impact of transdisciplinary research: the
usefulness of relevance, credibility, and legitimacy for understanding the link be-
tween process and impact. Res. Eval. 27 (2), 132–144.

Hirsch Hadorn, G., Hoffmann-Riem, H., Biber-Klemm, S., Grossenbacher-Mansuy, W.,
Joye, D., Pohl, C., Wiesmann, U., Zemp, E. (Eds.), 2008. Handbook of
Transdisciplinary Research. Springer.

Jahn, T., Bergmann, M., Keil, F., 2012. ’Transdisciplinarity: between mainstreaming and
marginalization. Ecol. Econ. 79, 1–10.

Kueffer, C., Hirsch Hadorn, G., Bammer, G., van Kerkhoff, L., Pohl, C., 2007. ’Towards a
publication culture in transdisciplinary research. GAIA 16 (1), 22–26.

Lang, D.J., Wiek, A., Bergmann, M., Stauffacher, M., Martens, P., Moll, P., Swilling, M.,
Thomas, C.J., 2012. ’Transdisciplinary research in sustainability science: practice,
principles, and challenges. Sustain. Sci. 7 (1), 25–43.

Mahoney, J., 2012. ’The logic of process tracing tests in the social sciences. Sociol.
Methods Res. 41 (4), 570–597.

Nowotny, H., Scott, P., Gibbons, M., 2004. ) Re-thinking Science. Knowledge and the
Public in an Age of Uncertainty. Polity Press, Oxford.

Phillipson, J., Lowe, P., Proctor, A., Ruto, E., 2012. ’STakeholder engagement and
knowledge exchange in environmental research. J. Environ. Manage. 95 (1), 56–65.

Polk, M., 2014. Achieving the promise of transdisciplinarity: a critical exploration of the
relationship between transdisciplinary research and societal problem solving.
Sustain. Sci. 9 (4), 439–451.

Ruppert-Winkel, C., Arlinghaus, R., Deppisch, S., Eisenack, K., Gottschlich, D., Hirschl, B.,
Matzdorf, B., Mölders, T., Padmanabhan, M., Selbmann, K., Ziegler, R., Plieninger, T.,
2015. Characteristics, emerging needs, and challenges of transdisciplinary sustain-
ability science: experiences from the german social-ecological research program.
Ecol. Soc. 20 (3).

Scholz, R.W., Tietje, O., 2002. Embedded Case Study Method: Integrating Quantitative
and Qualitative Knowledge. Thousand Oaks, Calif.Sage.

Sheppard, S.R.J., Shaw, A., Flanders, D., Burch, S., Wiek, A., Carmichael, J., Robinson, J.,
Cohen, S., 2011. Future visioning of local climate change: a framework for commu-
nity engagement and planning with scenarios and visualisation. Futures 43 (4),
400–412.

Stauffacher, M., Flüeler, T., Krütli, P., Scholz, R., 2008. Analytic and dynamic approach to
collaboration: a transdisciplinary case study on sustainable landscape development in
a swiss prealpine region. Syst. Pract. Action Res. 21 (6), 409–422.

Vera, C., 2018. Farmers transformed how we investigate climate. Nature 562 (7725), 9.
Walter, A., Scholz, R., 2007. Critical success conditions of collaborative methods: a

comparative evaluation of transport planning projects. Transportation 34 (2),
195–212.

Weingart, P., 2008. How robust Is “Socially robust knowledge”? In: Carrier, M., Howard,
D., Kourany, J. (Eds.), The Challenge of the Social and the Pressure of Practice:
Science and Values Revisited. University of Pittsburgh Press, Pittsburgh, PA, pp.
131–145.

Wiek, A., Talwar, S., O’Shea, M., Robinson, J., 2014. Toward a methodological scheme for
capturing societal effects of participatory sustainability research. Res. Eval. 23 (2),
117–132.

Wiek, A., Lang, D.J., 2016. Transformational sustainability research methodology. In:
Heinrichs, H., Martens, P., Michelsen, G., Wiek, A. (Eds.), Sustainability Science SE -
3. CHAP, Springer, Netherlands, pp. 31–41.

Zscheischler, J., Rogga, S., 2015. Transdisciplinarity in land use science - A review of
concepts, empirical findings and current practices. Futures 65 (1), 28–44.

J. Newig, et al. Environmental Science and Policy 101 (2019) 147–155

155

http://refhub.elsevier.com/S1462-9011(19)30398-3/sbref0005
http://refhub.elsevier.com/S1462-9011(19)30398-3/sbref0005
http://refhub.elsevier.com/S1462-9011(19)30398-3/sbref0005
http://refhub.elsevier.com/S1462-9011(19)30398-3/sbref0010
http://refhub.elsevier.com/S1462-9011(19)30398-3/sbref0010
http://refhub.elsevier.com/S1462-9011(19)30398-3/sbref0015
http://refhub.elsevier.com/S1462-9011(19)30398-3/sbref0015
http://refhub.elsevier.com/S1462-9011(19)30398-3/sbref0015
http://refhub.elsevier.com/S1462-9011(19)30398-3/sbref0015
http://refhub.elsevier.com/S1462-9011(19)30398-3/sbref0020
http://refhub.elsevier.com/S1462-9011(19)30398-3/sbref0020
http://refhub.elsevier.com/S1462-9011(19)30398-3/sbref0025
http://refhub.elsevier.com/S1462-9011(19)30398-3/sbref0025
http://refhub.elsevier.com/S1462-9011(19)30398-3/sbref0025
http://refhub.elsevier.com/S1462-9011(19)30398-3/sbref0025
http://refhub.elsevier.com/S1462-9011(19)30398-3/sbref0030
http://refhub.elsevier.com/S1462-9011(19)30398-3/sbref0030
http://refhub.elsevier.com/S1462-9011(19)30398-3/sbref0030
http://refhub.elsevier.com/S1462-9011(19)30398-3/sbref0035
http://refhub.elsevier.com/S1462-9011(19)30398-3/sbref0035
http://refhub.elsevier.com/S1462-9011(19)30398-3/sbref0035
http://refhub.elsevier.com/S1462-9011(19)30398-3/sbref0040
http://refhub.elsevier.com/S1462-9011(19)30398-3/sbref0040
http://refhub.elsevier.com/S1462-9011(19)30398-3/sbref0040
http://refhub.elsevier.com/S1462-9011(19)30398-3/sbref0040
http://refhub.elsevier.com/S1462-9011(19)30398-3/sbref0045
http://refhub.elsevier.com/S1462-9011(19)30398-3/sbref0045
http://refhub.elsevier.com/S1462-9011(19)30398-3/sbref0045
http://refhub.elsevier.com/S1462-9011(19)30398-3/sbref0050
http://refhub.elsevier.com/S1462-9011(19)30398-3/sbref0050
http://refhub.elsevier.com/S1462-9011(19)30398-3/sbref0055
http://refhub.elsevier.com/S1462-9011(19)30398-3/sbref0055
http://refhub.elsevier.com/S1462-9011(19)30398-3/sbref0055
http://refhub.elsevier.com/S1462-9011(19)30398-3/sbref0055
http://refhub.elsevier.com/S1462-9011(19)30398-3/sbref0060
http://refhub.elsevier.com/S1462-9011(19)30398-3/sbref0060
http://refhub.elsevier.com/S1462-9011(19)30398-3/sbref0060
http://refhub.elsevier.com/S1462-9011(19)30398-3/sbref0065
http://refhub.elsevier.com/S1462-9011(19)30398-3/sbref0065
http://refhub.elsevier.com/S1462-9011(19)30398-3/sbref0065
http://refhub.elsevier.com/S1462-9011(19)30398-3/sbref0070
http://refhub.elsevier.com/S1462-9011(19)30398-3/sbref0070
http://refhub.elsevier.com/S1462-9011(19)30398-3/sbref0070
http://refhub.elsevier.com/S1462-9011(19)30398-3/sbref0075
http://refhub.elsevier.com/S1462-9011(19)30398-3/sbref0075
http://refhub.elsevier.com/S1462-9011(19)30398-3/sbref0080
http://refhub.elsevier.com/S1462-9011(19)30398-3/sbref0080
http://refhub.elsevier.com/S1462-9011(19)30398-3/sbref0085
http://refhub.elsevier.com/S1462-9011(19)30398-3/sbref0085
http://refhub.elsevier.com/S1462-9011(19)30398-3/sbref0085
http://refhub.elsevier.com/S1462-9011(19)30398-3/sbref0090
http://refhub.elsevier.com/S1462-9011(19)30398-3/sbref0090
http://refhub.elsevier.com/S1462-9011(19)30398-3/sbref0095
http://refhub.elsevier.com/S1462-9011(19)30398-3/sbref0095
http://refhub.elsevier.com/S1462-9011(19)30398-3/sbref0100
http://refhub.elsevier.com/S1462-9011(19)30398-3/sbref0100
http://refhub.elsevier.com/S1462-9011(19)30398-3/sbref0105
http://refhub.elsevier.com/S1462-9011(19)30398-3/sbref0105
http://refhub.elsevier.com/S1462-9011(19)30398-3/sbref0105
http://refhub.elsevier.com/S1462-9011(19)30398-3/sbref0110
http://refhub.elsevier.com/S1462-9011(19)30398-3/sbref0110
http://refhub.elsevier.com/S1462-9011(19)30398-3/sbref0110
http://refhub.elsevier.com/S1462-9011(19)30398-3/sbref0110
http://refhub.elsevier.com/S1462-9011(19)30398-3/sbref0110
http://refhub.elsevier.com/S1462-9011(19)30398-3/sbref0115
http://refhub.elsevier.com/S1462-9011(19)30398-3/sbref0115
http://refhub.elsevier.com/S1462-9011(19)30398-3/sbref0120
http://refhub.elsevier.com/S1462-9011(19)30398-3/sbref0120
http://refhub.elsevier.com/S1462-9011(19)30398-3/sbref0120
http://refhub.elsevier.com/S1462-9011(19)30398-3/sbref0120
http://refhub.elsevier.com/S1462-9011(19)30398-3/sbref0125
http://refhub.elsevier.com/S1462-9011(19)30398-3/sbref0125
http://refhub.elsevier.com/S1462-9011(19)30398-3/sbref0125
http://refhub.elsevier.com/S1462-9011(19)30398-3/sbref0130
http://refhub.elsevier.com/S1462-9011(19)30398-3/sbref0135
http://refhub.elsevier.com/S1462-9011(19)30398-3/sbref0135
http://refhub.elsevier.com/S1462-9011(19)30398-3/sbref0135
http://refhub.elsevier.com/S1462-9011(19)30398-3/sbref0140
http://refhub.elsevier.com/S1462-9011(19)30398-3/sbref0140
http://refhub.elsevier.com/S1462-9011(19)30398-3/sbref0140
http://refhub.elsevier.com/S1462-9011(19)30398-3/sbref0140
http://refhub.elsevier.com/S1462-9011(19)30398-3/sbref0145
http://refhub.elsevier.com/S1462-9011(19)30398-3/sbref0145
http://refhub.elsevier.com/S1462-9011(19)30398-3/sbref0145
http://refhub.elsevier.com/S1462-9011(19)30398-3/sbref0150
http://refhub.elsevier.com/S1462-9011(19)30398-3/sbref0150
http://refhub.elsevier.com/S1462-9011(19)30398-3/sbref0150
http://refhub.elsevier.com/S1462-9011(19)30398-3/sbref0155
http://refhub.elsevier.com/S1462-9011(19)30398-3/sbref0155

	Linking modes of research to their scientific and societal outcomes. Evidence from 81 sustainability-oriented research projects
	Introduction
	Concepts and theory
	Research design and methods
	Unit of analysis and case selection
	Data collection and material
	Methods of analysis

	Findings
	Hypothesis 1: Non-academic actor involvement and societal project outcomes
	Hypothesis 2: Knowledge integration methods and societal project outcomes
	Hypotheses 3a and 3b: Non-academic actor involvement and academic research outcomes
	Hypothesis 4: Funding context and goal achievement
	Hypothesis 5: Non-academic actor involvement and completed PhD projects

	Overall discussion and conclusion
	Acknowledgements
	References




